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adaptation (dashed-line), and MLC+MU adaptation (full-
line). The intended plan (Plan0) is depicted in black. 
 
Conclusions: All treatment strategies showed reduced dose 
gradients (blurring), decreased target coverage, and 
increased dose to the rectum inside the measuring volume. 
Both adaptation strategies improved target coverage 
compared to the clinical practice, but MLC-only (tracking) 
results in an overdose for the targets while MLC+MU 
(dosimetric tracking) rectifies this overdose. These results 
are confirmed using more complex motion patterns. The 
applied adaptation strategies can be implemented in real 
time. 
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Purpose/Objective: Recently, respiratory managing 
techniques, such as respiratory gating and dynamic tumor 
tracking (DTT), have been widely used in clinical practice. 
These techniques often need fiducial markers implanted 
around the target to localize the tumor position. Distance 
from radiopaque markers to a target (|d|) and difference in 
range of respiratory motion between the radiopaque markers 
and the target (ΔRM) were mainly considered as the factors 
in the target registration error (TRE) for these techniques. 
The purpose of study was to investigate the impact of |d| 
and ΔRM on the TRE. 
Materials and Methods: This study included 15 lung cancer 
patients who underwent 4-fractionated DTT. They had 4 or 5 
radiopaque markers around a lung tumor. Before beam 
delivery, the orthogonal x-ray fluoroscopic monitoring was 
done for 20-40 s. Then, 3D positions of all markers were 
detected on the x-ray fluoroscopic images, and a target (Pt) 
and three or less markers to estimate the target ware 
selected. First, |d| was defined as the distance from target 
to the geometric center of markers at end-exhalation phase 
on the initial day of the treatment. The |d| was constant 
during the treatment periods. Next, the range of respiratory 
motion was calculated as the root-mean-square (RMS) of the 
difference between respiratory positions at each phase and 
its baseline at and-exhalation phase for the target and the 
geometric center. Then, ΔRM was defined as the double of 
the average between them. The estimated target position 
(Pt') was computed by adding each geometric center to d. 
Three dimensional RMS of the difference between Pt and Pt' 
was defined as TRE. These procedures were repeatedly 
performed by changing the target and the combination of 
markers to estimate the target. Finally, the TRE map was 
created by convolving the raw TRE data with Cauchy 
distribution, to investigate the tendency of the TRE. 
Results: Mean |d| was 52.3 (range, 9.5 to 126.6) mm, 46.2 
(range, 6.7 to 119.1) mm, 44.5 (range, 3.3 to 106.2) mm for 
one-, two- and three-marker cases, respectively. Mean ΔRM 
was 18.4 (range, 3.3 to 46.0) mm, 18.1 (range, 3.3 to 44.5) 
mm, 17.5 (range, 3.4 to 44.0) mm for one-, two- and three-
marker cases, respectively. Figure 1 shows that the TRE was 
within 4 mm for |d| of less than 20 mm. The TRE became 
larger interfractionally, which was derived from the 
displacement of the geometric center. Increasing the number 
of markers to estimate the Pt tended to reduce the TRE, 
which was remarkable for |d| greater than 40 mm. 
 
Conclusions: It was found that |d| had an impact on the TRE 
more than ΔRM. Our study has demonstrated that it is 
important to place the geometric center close to the target. 
For fiducial-marker-based DTT, the variation in the TRE 
should be incorporated into treatment plans. 
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Purpose/Objective: Beam tracking and gating approaches 
rely on fast and accurate detection of intra-fractional tumor 
motion. Imaging of the inner anatomy allows for both, a non-
invasive and at the same time direct monitoring of organ 
motion. When it comes to real-time imaging of the thoracic 
cavity, fluoroscopy is well-suited. For motion detection using 
such imaging, template matching has shown to be a 
promising approach. However, frequently changing overlaps 
of the tumor with dense structures in the projection images 
and potential baseline drifts can decrease the tracking 
accuracy of this method or even cause it to fail. The purpose 
of this work was to develop a template matching based 
approach for tumor tracking robust against the listed pitfalls 
and applicable in real-time. 
Materials and Methods: The algorithm implemented in this 
work was evaluated on a fluoroscopic image set containing of 
116 frames (25 for training; 91 for testing). Normalized cross-
correlation (NCC) is used as similarity measure for matching. 
The correlation calculation is based on functionality provided 
by the open source OpenCV library. Unlike basic template 
matching, the search region in our developed algorithm is 
determined and adapted iteratively. Starting from the 
position detected in the previous frame and with a template-
sized search area, matching and enlargement of the search 
area are performed alternately. In case that the highest 
correlation coefficient is found for the same position in 
subsequent enlargement steps this position is taken as the 
tracking result. Due to this approach, baseline drifts can be 
compensated for. Moreover, the algorithm supports the use 
of multiple templates in order to improve robustness against 
recurring tumor overlaps with dense structures. Due to 
